In this paper dual-band microstrip antenna for Global Positioning System (GPS) application is designed. This design contents on two circular patch ( upper circular patch, lower circular patch) printed on a two-layer substrate of an FR4 dielectric layer, and cutting a crossed-slot in the upper patch and four I slots in the lower patch. The antenna can work at GPS Ll band (1.575GHz) and L2 band (1.227GHz) . The design achieved an approximately impedance bandwidth of 15.8 MHz for L1 for two ports, while L2 band is 11.8 MHz for two ports with maximum gain of 2.54dBi and 1.177dBi in the L1 and L2 band respectively for two ports . The resulting circular polarization (with axial ratio ≤ 3 dB) has been found to meet that required for this application. The VSWR is approximately 1.1 (VSWR ≤ 2) for L1 and 1.2 for L2. Results were obtained above using the software CST, which shows that this antenna can meet the demands of the signals of satellite navigation system. The antenna dimensions are (70*70 mm 2 ). The structure is compact and has a good application prospect. The results with lowprofile characteristics make the antenna suitable for GPS applications.
1-Introduction
Because of their low-profile advantage, circularly polarized (CP) microstrip antennas are very attractive for global positioning system (GPS) applications. However, many of the related designs available in the open literature, operate at the GPS band at 1575 MHz only. Some designs can cover the two GPS bands at 1227 and 1575 MHz, which is necessary in more demanding operations, such as those requiring differential GPS operation [1] . Recently, in order to satisfy the demand for precise and reliable GPS receivers, a highperformance CP antenna covering both L1 and L2 bands is required. Dual-band stacked microstrip antennas, such as antenna structures with an air layer [2] or two different dielectric substrate layers [3] , have also been reported for GPS. Both the air layer and the two dielectric substrate layers enable the antennas to carry out the dual-band CP operation, thereby achieving good impedance matching at the two CP operating frequencies. However, the stacked antenna leads to an increase in fabrication complexity. The CP antenna can be used to reduce the multipath effect around a GPS receiver [4] .The CP antennas are classified as a single feed type or dual feeds type depending on the number of feed point necessary to generate the CP waves. The dual feeds method has a complex result in larger geometry [5] . Thus, a single feed CP structure, which has a small occupied volume; less complexity, is desired in situation, where it is difficult to place the dual orthogonal feed. In addition, the single feed also does not require an external polarizer [6] . Antennas fed by two probes on the microstrip antenna feed rate equal to 90 o phase difference of the two signals, the two feed points, can be formed at right angles to the distribution of circular polarization of radiation. In this paper a dual band CP stacked microstrip antenna is presented using availably common dielectric laminates, which operates at both L1 and L2 frequency bands for GPS applications. Two circular patches are used for obtaining CP characteristics in the dual-band. The antenna is designed and optimized by CST.
2-Theory :
Patch style GPS antennas are very popular due to their small size and low profile. Low cost low profile single frequency, single-feed GPS patch antenna designs are commonly used in cell phone or vehicle applications where size and cost are key considerations. There are also low cost patch designs using dual orthogonal feeds .In our study we are going to build a microstrip antenna that it's going to work with circular polarization, this kind of antennas is widely used as efficient radiators in satellite communications because of the advantages that can provide. The most important of these advantages is that the orientation of the transmitting antenna and receiving antenna orientation need not necessarily be the same, so this allows the designer to have more freedom to design the transmission and reception system. With the use of circular polarized antennas, the system can tolerate changes in the polarization of the signal, these changes may be caused by the reflectivity, absorption, multipath, inclement weather and line of sight problems; conditions that (most of the time) can affect the polarization of a transmitted wave. Hence, circular polarized antennas give us a higher probability of a successful link because they can transmit and receive signals on all planes [7] . In an antenna, circular polarization can be achieved through a single feed or using two feeds in the same patch. In an antenna array, we can generate circular polarization by the sequential rotation of the feeders. The most common and direct way to generate a circular polarization is through the use of a dual-feed technique. The two orthogonal modes required for the generation of circular polarization can be simultaneously excited using two feeds at orthogonal positions that are fed by 1∟0° and 1∟90° as shown in Figure 1 .
During the design of GPS microstrip antenna, the axial ratio of antenna is a vital parameter Usually a pure circular polarization (CP) antenna cannot be made in practice, and the axial ratio (AR) is used to describe the polarization performance of a CP antenna. It is defined as the ratio of the major axis to the minor axis of the elliptic polarization. It is a ratio of electric field amplitudes (not powers), usually expressed in dB that is [8] :
If the axial ratio is 0dB, the antenna is pure circular polarization; if it is infinity, the antenna is linear polarization; If the axial ratio is somewhere in between, the polarization is elliptical. As the microstrip GPS antenna pick up the circular polarization signal efficiently, the axial ratio should be less than 3dB in practice.
3-Antenna Structure and Design
The geometry of the proposed dual-band GPS antenna is shown in Figure 2 . The antenna consists of crossed-slot in the upper patch and four I slots in the lower patch without an airgap layer resonating at the L1 and L2. The structure incorporate a round shape ground plane, two substrate layers and two radiating elements and two vertical probe connected to the patch. The upper patch with dimension of 0.1388 λ o and Lower patch with dimension of 0.135 λ o (where λ o corresponding to center frequency). The antenna comprises two radiating patch which both is fabricated on FR-4 substrate with relative permittivity ε r = 4.3, tangent loss δ =0.025 and thickness h u =0.8mm, radius 26.375mm for upper substrate and h l =1.6mm, 70*70mm 2 for lower substrate with two hole radius of 2mm.Fed from the center of 9.2mm, the dual-fed with 50 ohm coax. The upper element is responsible for L1 band and the low element for L2 band.
Probe feed directly through the lower microstrip patch antenna through-hole to connect to the upper microstrip patch antenna. The relationship between the resonant frequency and the radius of the circular patch can be presented by the equation (2) [9] .
is the m-zero of J n (x), obtained by look-up table; (a) is included in the equivalent radius of the edge effects, is microstrip antenna medium plate relative dielectric constant [10] . 
4-RESULTS AND DISCUSSION :
The characteristics of the proposed CP antenna are simulated by software CST version 2010. The simulated return loss is shown in Fig.3 . Plot shows resonant frequencies at 1.575 GHz with minimum -27.865 dB return loss and 1.227 GHz with -49.302dB return loss for feed one and at 1.575GHz with minimum-26.894 dB return loss and 1.227 GHz with -33.404 dB return loss for feed two. The simulated impedance bandwidths (-10dB return loss) for feed one are 11.8 MHz from 1.2192 GHz to 1.231 GHz for lower band, while upper band covers 15.8 MHz from 1.5667 GHz to 1.5825 GHz, The simulated impedance bandwidths (-10dB return loss) for feed two are 11.8 MHz from 1.2198 GHz to 1.2316 GHz for lower band while upper band covers 15.7 MHz from 1.5656 GHz to 1.5813 GHz. Figure (4) represents the impedance (Real & Imag. ) for the proposed antenna. Figure 5 illustrates the maximum antenna gain for frequencies across both of the operating bands. For the feed one, the antenna exhibits gain of 1.155dBi for the lower frequency band (L2) and a peak gain of 2.544dBi for the upper frequency band (L1), while for the feed two, the antenna exhibits gain of 1.177dBi for the lower frequency band (L2) and a peak gain of 2.549dBi for the upper frequency band (L1). The corresponding performance of the proposed antenna is depicted in Figure 7 and Figure 8 . Where Figure 7 represents the VSWR and figure 8 represents Axial Ratio (AR) .For the CP microstrip antenna, the most attractive characteristic is axial ratio. For investigation the polarization characteristics of the GPS antenna, the axial-ratio was simulated over the whole L1 and L2 bands. 
5-Conclusion
In this paper, a new double feed compact dual-band microstrip patch antenna covering GPS operating frequencies at L1 (1.575 GHz) and L2 (1.227 GHz) has been demonstrated. The two layers of the proposed antenna use the same substrate material. The antenna shows good CP radiation characteristics at the two GPS operating frequencies. Two slots shaped (+) are added in the upper patch, and four (I) shaped in the lower patch. An enhancement in return loss and gain are obtain due to adding slots. At the same time this design method can be applied to other dual-band and multi-frequency antenna design. Furthermore, the antenna has a hemispherical radiation pattern with a good average gain throughout the operating bandwidth. This makes the proposed antenna design suitable for use in the GPS L1, L2 applications.
